Objective. To examine the comparative effectiveness of two topical anesthetics in controlling the pain associated with tongue-tie release (frenotomy) in young infants.
Introduction
Acute procedural pain is one of the most common adverse stimuli experienced by young children. It is known to be associated with increased child distress. Despite the effects that acute pain can have on infants, it is often inadequately treated, and physicians are expected to make every effort to prevent pain and to alleviate suffering [1, 2] .
Tongue-tie (ankyloglossia, tight frenulum) is a condition in which the bottom of the tongue is tethered to the floor of the mouth by a membrane (frenulum), thereby partially restricting the tongue's range of motion. There are four types of ankyloglossia. In Type 1 ankyloglossia, the frenulum attaches to the tip of the tongue, usually in front of the alveolar ridge in the lower lip sulcus. Type 2 ankyloglossia is 2-4 mm behind the tongue tip and is attached on or just behind the alveolar ridge. Type 3 ankyloglossia is attachment to the mid-tongue, and type 4 ankyloglossia is attachment of the frenulum against the base of the tongue. Types 1 and 2, considered "classical" tongue-tie, are the most common and obvious tongue-ties, and probably account for 75% of incidence. Types 3 and 4 are less common, and since they are more difficult to visualize, are the most likely to go untreated [3] [4] [5] [6] [7] [8] [9] [10] [11] . The role of tongue-tie as a cause of breastfeeding difficulties has been described in multiple reports, linking ankyloglossia to decreased tongue mobility and a potential inability to latch on properly. It is well accepted that frenotomy may sometimes be necessary to correct breastfeeding problems [3] [4] [5] [6] [7] [8] [9] [10] [11] . Release of tongue-tie (types 1 and 2) appears to be a minor procedure and is usually performed in an office-based setting. A simple incision or 'snipping' of the tongue-tie (frenotomy) is the most common procedure performed [3] [4] [5] [6] [7] [8] [9] [10] [11] . Previous studies report using a topical anesthetic, such as 20% benzocaine gel, before the procedure (using a small cotton swab, the drug is placed on each side of the frenulum) [3, 9, [12] [13] [14] . Despite the fact that 20% benzocaine gel has been used routinely for this procedure for many years, it has been investigated in only one study that found it ineffective [15] . Other topical anesthetic agents have not been investigated yet. In the pediatric emergency department of our institution, the topical anesthetic 2% tetracacine gel has been used for many years to relieve the pain associated with aphthous stomatitis in young infants.
The present study sought to examine the effectiveness of two local anesthetic agents, 2% tetracaine and 20% benzocaine, in controlling the pain associated with frenotomy.
Methods

Study Design, Setting and Population
This was a randomized study examining the effect of two topical anesthetics on pain response during frenotomy.
The study was conducted at the Pediatric Craniofacial Clinic (PCC) of a tertiary medical center, was approved by the institutional review board, and was registered on clinicaltrials.gov with the ID NCT01914250 (http://www. clinicaltrials.gov/ct2/show/NCT01914250).
The study sample was composed of infants aged 0-3 months who were diagnosed with tongue-tie by a pediatrician and were referred to the PCC for frenotomy due to breastfeeding difficulties. Infants with ankyloglossia type 3 or 4, infants with abnormal oral or nasopharyngeal anatomy, and infants with any known congenital malformations were excluded.
Informed Consent Procedure
This study received ethics approval from the Institutional Review Board. Written informed consent was obtained from all participants. The informed consent procedure included verbal and written explanations of the study objectives to the caregivers, who were encouraged to ask questions at any time. All appropriate precautions were taken to preserve anonymity of the collected data.
Randomization
Using a computerized random-number generator, an allocation sequence was created by a statistician using the StatsDirect statistical software (v2.6.6, StatsDirect Limited, Cheshire, UK).The allocation sequence was stored in serially numbered, opaque, sealed envelopes. Patients were allocated in a 1:1 ratio into the two groups. Envelopes were exclusively accessed by the principal investigator (IS). Randomization group information was unavailable to any of the investigators, to the PCC personnel, and to the parents of the patients.
Study Medications
2% Tetracaine Oral Gel
This drug has an onset of 3-8 minutes, and analgesia usually lasts 30-60 minutes [16] . The ingredients of the drug used in our institution also includes Glycerin.
20% Benzocaine Oral Gel
The drug has a rapid onset (20-30 seconds) , and analgesia usually lasts 10-15 minutes. Benzocaine has little or no systemic absorption and has been shown to be a safe and effective anesthetic [16, 17] . Methemoglobinemia is a rare complication of Benzocaine oral gel, with an onset of 20-60 minutes following exposure. This adverse reaction may occur after a single use of benzocaine [17] . The form of the drug used in our institution is named "Topex" and includes flavor and sodium saccharine.
Study Procedure [3, 9] Prior to the application of the anesthetic, the surgeon (a pediatric dentist, YPF or ARW) and the nurse were instructed by the principal investigator (IS) to leave the procedure room in order to ensure that both were unaware of the treatment allocated. Next, the infant was held by one of the parents and 0.5 gram of 2% tetracaine gel or 20% benzocaine gel was applied to each side of the frenulum by the principal investigator (IS)
Pain Associated with Tongue-Tie Release using a swab. To ensure blinding of the parents, study medications were placed in identical-looking containers, and were labeled according to the envelope's codes. Parents were not provided with any information about the medication given to the patient. Once analgesic treatment was completed, the surgeon and the nurse were asked to reenter the room. Then, exactly 5 minutes later, the patient was gently restrained by the parent and the nurse, as is standard practice. Once the infant was calm, the surgeon lowered the chin gently by placing her fingers under the tongue, straddled the frenulum and held it in place using a groove director, and cut the frenulum along the underside of the tongue to its base (frenotomy). The area was then checked by the surgeon to ensure complete release. Bleeding was controlled by holding pressure with a 2x2 inch gauze pad under the tongue. Immediately after cutting the frenulum, babies were soothed by their parents as is the standard practice in our institution. They were soothed by being cradled in the hands of the parent and verbally comforted.
Study Protocol
The principal investigator (IS) was notified by the PCC nurse responsible for the procedure about any new infant admitted to the clinic for frenotomy. Subsequently, the child and his/her caregivers were approached by the study investigator who verified inclusion criteria, explained the purpose of the study and obtained informed consent. Then, the study investigator recorded demographic parameters: weight, age, gender, any previous painful experience (e.g., vaccinations, circumcision), and last feeding time. Patients of the tetracaine group were then treated with 2% tetracaine gel, while patients of the benzocaine group were treated with 20% benzocaine gel. The procedure was videotaped by the surgeon and the principal investigator (IS). A digital video HD camera (Go-Pro HeroV R ) was placed on the surgeon's forehead and recording was performed by the principal investigator using Wi-Fi remote. Recording began 20 seconds before frenotomy, continued throughout the procedure and ended 10 seconds after crying stopped. Patient remained in the PCC for 2 hours after the procedure to verify that methemoglobinemia or any other adverse reaction had not developed. Eight hours post discharge, parents were contacted by phone and asked about any adverse reaction or behavioral change.
Outcome Measures
Primary Outcome Measure
Neonatal Facial Coding System The primary outcome measure was based on the assessment of facial expression at baseline and during the procedure. The Neonatal Facial Coding System (NFCS) is a validated behavioral measure of pain and distress in young infants. A subset of four facial actions (brow bulge, eye squeeze, nasolabial furrow, and horizontal mouth stretch) were coded and summed during 10 one-second segments for each phase (baseline and frenotomy), which led to a possible total score ranging from 0 (no pain) to 40 (maximum pain) [18] [19] [20] . NFCS pain response was scored from the videotapes by two trained NFCS raters (ON, GN) blinded to the treatment assigned to the infants, and unaware of any other data on the infants. The principal investigator (IS) prepared all videos for scoring to ensure blinding to treatment assignment.
Secondary Outcome Measures
Cry Duration
Cry duration was defined as the interval from the beginning of cry until cry had stopped for at least 5 seconds. The duration of cry was measured by two study investigators (GK, GN) using the audio stream of the video recording [21] . The two raters were blinded to the anesthetic treatment assigned to the infants, and were unaware of all other data on the infants.
Visual Analog Scale
Prior to the procedure, parents received a comprehensive explanation on the use of the visual analog scale (VAS) [22] . Immediately following frenotomy, the principal investigator (IS) asked the parent who was present in the procedure room to rank the level of pain on a 100-mm VAS (where 0 means no pain and 100 means worst pain possible). Scores were recorded on a designated sheet. If both parents were present in the room, they were each asked to rank the pain level separately. Parents were blinded to each others' scores.
Sample Size Estimate
Sample size calculation was based on a previous study that used NFCS score of five facial actions to assess distress response to venipuncture. We estimated that a minimum of 20 patients per group would be required to detect 20% difference in the cumulative NFCS score between the two study groups with a power of 80% and a of .05 [23] .
Statistical Analysis
Patient demographics including age, weight, and gender were analyzed using the unpaired t test, chi square test, or Fisher's exact test as appropriate. The Wilcoxon signed-rank test was used for paired group analysis of the NFCS scores. The Mann-Whitney U test was used for comparison of NFCS scores between the groups. The unpaired t test was used to compare cry duration and VAS measurements between the groups. All statistics were calculated using the StatsDirect statistical software (v2.6.6, StatsDirect Limited, Cheshire, UK).
Results
Forty-six infants were assessed for eligibility, and 43 were enrolled over a 6-month period from October 2014 to February 2015. Three infants were excluded from the study. Twenty-two infants were randomized to the tetracaine arm, 21 infants to the benzocaine arm. One infant was excluded from the benzocaine group because video tape was inadvertently stopped too early. Forty-two infants had data collection completed. No adverse events were recorded during the procedure or at the 2-hour or 8-hour post procedure phase. Parents of all patients were contacted by phone and none reported any adverse reaction or behavioral change.
The two groups were comparable with regard to weight, age, gender, previous painful experience, and last feeding time (Table 1) .
Primary Outcome Measure
Twenty percent of the data were coded for inter-rater reliability. Reliability was high, with percentage agreement scores for all four facial actions ranging from 0.88 to 1.0.
No differences between the groups were found in the NFCS scores before frenotomy and during frenotomy ( Table 2) .
Paired group analysis showed that frenotomy significantly increased median NFCS score from 4. 
Secondary Outcomes
Mean cry durations in the tetracaine and the benzocaine groups were 69.4 seconds and 63.9 seconds respectively, with no difference between the groups (Table 2) . Mean VAS scores in the two groups were 57.2 and 58.2 respectively, with no difference between the groups (Table 2) .
Discussion
The main finding of our study is that pain scores during frenotomy (facial reactions on the NFCS) were rated 28 on a scale of 0 to 40, in both study groups. Pain scores were significant despite the use of topical anesthetics, and local analgesia with 2% tetracaine did not confer a better response than 20% benzocaine.
Another important finding is that cry durations in both groups were in the range of one minute. Similar durations of cry in young children were reported in studies on known painful procedures such as vaccination, venipuncture, heel-lancing, and suprapubic aspiration [24] [25] [26] [27] .
Only one study investigated the effect of frenotomy on pain response [15] . In this study, the analgesic effect of 20% benzocaine gel in 21 infants with tongue-tie was tested against placebo [15] . Cry duration in this study showed no advantage to benzocaine over placebo. The authors concluded that infants who undergo tongue-tie repair do not benefit from topical analgesia. [15] However, other studies reported that 20% benzocaine gel was superior to placebo in reducing pain caused by Pain Associated with Tongue-Tie Release needle insertion into the oral mucosa [28, 29] . The significant pain response scored in both arms of our study corroborates the findings that local anesthetics do not relieve the pain or distress induced by frenotomy.
Another finding of our study is that parents perceived that their child experienced a moderate level of pain (mean VAS score of 57 or 58).
With an incidence of approximately 1.7% to 4.8%, tongue-tie is a relatively common problem [10] .
Although many infants with tongue-tie can breastfed without difficulty, frenotomy is sometimes needed when breastfeeding difficulties arise [10] . A recent systematic review revealed that 50% of the infants diagnosed with tongue-tie will not encounter any problems [30] . However, because of the lack of solid evidence, there is controversy regarding which tongue-tie needs to be released [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . One of the most useful classifications for the severity of tongue-tie is the HATLFF measures [31] . It includes five anatomical items: tongue appearance, frenulum elasticity, length of frenulum when tongue is lifted, attachment of lingual frenulum to tongue, attachment of frenulum to alveolar ridge, and seven functional items: tongue lateralization, lift, extension, spread, cupping, peristalsis, and snapback [31, 32] . A previous study revealed that frenotomy is indicated when a clinically significant tongue-tie is present. Based on the HATLFF criteria, clinically significant tongue-tie was defined as: function score higher than 11 with failing lactation management or an appearance score lower than 8. When frenotomy was performed based on these criteria, immediate infant breastfeeding scores improved from 9.3 to 11.6. and maternal nipple pain relieved [10] .
Our study supports the use of reliable criteria such as the HATLFF measures when a decision to perform frenotomy is considered, because frenotomy may be associated with a significant pain response.
The primary limitation of our study was the lack of a placebo arm. In our institution, young infants who undergo frenotomy are routinely treated with topical anesthetic (20% benzocaine gel). Under these circumstances, having an untreated placebo arm was deemed unethical; there was a consensus among the investigators that not offering topical anaesthetic to these children in our institution would be regarded as an unethical approach [33] .
This is the first randomized trial examining pain response during frenotomy using facial expressions. Our study further corroborates the notion that topical anesthetics do not confer a therapeutic advantage because both medications found similarly ineffective. The question remains if there is any utility in using topical analgesic in this procedure. Future studies should examine new directions for pain control during frenotomy.
In conclusion, the two topical anesthetics seem ineffective in controlling the pain associated with frenotomy. Clinicians should continue to search for an effective treatment for this procedure.
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